We performed an absolute frequency measurement of the 1 S 0 -3 P 0 transition in 87 Sr with a fractional uncertainty of 1.2 × 10 −15 , which is less than one third that of our previous measurement. A caesium fountain atomic clock was used as a transfer oscillator to reduce the uncertainty of the link between a strontium optical lattice clock and the SI second. The absolute value of the transition frequency is 429 228 004 229 873.56(49) Hz.
10
universal time (UTC(NMIJ)), because we do not know how UTC(NMIJ) changed during the exact measurement time, even though the frequency differences between UTC(NMIJ) and the International Atomic Time (TAI) averaged over five-day campaign periods are provided in Circular T, which is a monthly report produced by the "Bureau International des Poids et Mesures (BIPM)". There is an effective and practical averaging time for each different type of clock that allows it to perform with good stability and a small uncertainty. Optical lattice clocks and microwave clocks differ in this respect. This is one of the difficulties involved in achieving accurate frequency comparisons of clocks. Although optical lattice clocks have excellent short-term frequency stabilities, operating them continuously for five days would be a very difficult task owing to the problem of lasers losing lock, which introduces distributed dead time into frequency comparisons. To minimize the uncertainty of the frequency comparison with UTC(NMIJ), it is important to understand the effect of the distributed dead time and the behaviour of UTC(NMIJ). In this paper, we carefully evaluate the uncertainties of the link between our Sr optical lattice clock and TAI via UTC(NMIJ) using a caesium fountain atomic clock located at NMIJ (NMIJ-F2) 7 as a transfer oscillator. In this way, we reduced the final uncertainty to one third that of our previous measurement. 5 The experimental set-up of our Sr optical lattice clock has been described in detail elsewhere, 5 so in this paper we mention only the main modifications. For an absolute frequency measurement, a fibre-based optical frequency comb referenced to UTC(NMIJ) is used. A hydrogen maser has been used as the reference signal of UTC(NMIJ). the final measurement uncertainty budget as a statistical uncertainty. Environmental condition in the laboratory is fairly good, so that constant frequency shifts induced by environmental perturbations such as temperature drift on the optical path including uncompensated fibres should be significantly small.
When comparing the Sr clock frequency with that of NMIJ-F2, we need to think about the dead time uncertainty, because the Sr optical lattice clock was operated for only several hours a day. When we assume white frequency noise for NMIJ-F2, we estimate the dead time uncertainty to be 4.7 × 10 −16 for the total measurement time of 71000 s over a five-day measurement campaign during the period MJD 57184 to MJD 57199, which corresponds to three of the five-day intervals reported in Circular T. 9 The correction between NMIJ-F2 and between TAI and SI was also obtained from Circular T 330. 10 There is a need to estimate the dead time uncertainty for TAI and SI comparison, because the correction value and the uncertainty shown in Circular T 330 are calculated based on data for 30 days. It is estimated to be 3.6 × 10 −16 for the fifteen days. 9 These corrections and their standard uncertainties, which should be considered for the clock transition frequency presented in Fig 2, is in good agreement with the recommended value and previously measured values by several different groups including our previous result.. 5, [12] [13] [14] [15] [16] [17] [18] The measured value will be reported to the "Comité International des Poids et Mesures (CIPM)" and will contribute to discussions regarding the updating of the recommended frequency value of the clock transition in 87 Sr.
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